The isotachophoretic (ITP) desorption of anionic compounds adsorbed on solid-phase. extraction (SPE) columns is described. Octadecyl (C,,)-modified silica and styrene-divinylbenzene (ST-DVB) packings were used as the SPE adsorbents. The influence of methanol on the ITP desorption of the test compounds was also examined. The ITP desorption of amaranth red as the test compound from both the ODS and ST-DVB adsorbents showed good results. In contrast, the ITP desorption of bromophenol blue resulted in a discontinuous desorption and no sharp zones were obtained. However, the addition of methanol to both the leading and terminating electrolytes during the ITP desorption in combination with a counter flow improved the desorption of bromophenol blue significantly. The ITP desorption of benzoic acid from the ST-DVB phase showed no reproducible results, whereas its desorption yields from the ODS phase was significantly better.
INTRODUCTION
The application of high-performance liquid chromatography (HPLC) or capillary zone electrophoresis to the determination of compounds in complex matrices or at low concentration levels often necessitates a sample pretreatment step. As demonstrated previously, both zone electrophoresis and isotachophoresis (UP) can be used as on-line sample pretreatment steps for ionic compounds prior to HPLC analysis [l-3] .
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Another interesting application of electrophoresis is solid-phase extraction (SPE), followed by the desorption of the compounds by ITP. This technique, which can be termed isotachophoretic desorption, was first described by They used ITP to desorb some proteins from an affinity adsorbent.
Other groups have reported the use of zone electrophoresis as the desorption step after SPE (e.g., [g-18] ). In principle, the electrophoretic desorption of solutes adsorbed on SPE materials may contribute to a more selective desorption of the target compounds in smaller sample volumes.
In this paper, the preliminary results of the ITP desorption of some anionic compounds from C,,-modified silica and styrene-divinylbenzene as SPE adsorbents are presented. To correlate the ITP desorption data with the adsorption capacities of the test compounds on both SPE adsorbents, breakthrough curves were also determined by HPLC experiments. Bromophenol blue, benzoic acid and amaranth red were used as test compounds. Because of the limited detection sensitivity of ITP equipment, the experiments were performed in the 10e5 mol/l range. The results of the breakthrough and desorption experiments are compared and discussed.
EXPERIMENTAL

Breakthrough volumes
The breakthrough volumes of the test solutes on the investigated SPE phases were measured by frontal analysis. The retention volume of a specific test solute minus 2.33 times the standard deviation was taken as the breakthrough volume [19] . A schematic diagram of the LC equipment for the determination of breakthrough volumes is presented in Fig. 1 . This equipment consisted of a Model 1OOA pump (Beckman Instruments, Palo Alto, CA, USA), a Model PU4225 UV detector (Unicam, Cambridge, UK) and a Valco N-60 HPLC injection valve (VICI-AG Valco Europe, Schenkon, Switzerland). The 10 x 2 mm I.D. dry-packed Kel-F column was positioned in a C270 stainless-steel high pressure column cartridge holder (Upchurch Scientific, Oak Harbor, WA, USA). UV detection was performed at 225 nm. The detector output was recorded with a BD41 potentiometric recorder (Kipp & Zonen, Delft, Netherlands) and a DC268 computer (Tulip, 's-Hertogenbosch, Netherlands) equipped with a laboratory-made Multilab-TS interface. Data handling was performed with Caesar software (B-Wise Software, Geleen, Netherlands). To measure the breakthrough volumes the column was conditioned with methanol. After washing the column with 0.25 ml of acidified demineralized water (pH 3.0), the equipment was flushed with the sample solution. By switching the six-way valve, adsorption of a compound could be measured. The flow-rate through the column was 0.5 ml/min. The samples and the demineralized water for the washing steps were acidified to pH 3.0 by adding 1 M hydrochloric acid.
Isotachophoresti
The ITP equipment for the desorption experiments consisted of a laboratory-constructed ITP apparatus [20] equipped with an in-line laboratory-made SPE column, two three-way Hamilton (Bonaduz, Switzerland) valves and a laboratorymade a.c. conductivity detector. Fig. 2 shows schematic diagrams of the ITP desorption equipment with and without the membrane pump. The I.D. of the 13-cm long PTFE capillary was 1.0 mm (Alltech, Laarne, Belgium) and the applied electric current during the ITP desorption was 100 PA. Kel-F columns of 7 x 2 mm I.D. and 7 x 1 mm I.D. were used for the ITP desorption experiments. The 2-E.crn All3 polyethylene frits and the Tefzel C283 low-pressure column cartridge holder were from Upchurch Scientific. A number of ITP desorption experiments were also performed by applying a counter-flow membrane pump to increase the ITP desorption time. This pump was controlled by a Brandenburg (Thornton Heath, UK) 807R power supply, which also delivered the constant driving electric current for the ITP desorption experiment. The output of the ~nducti~ty detector to monitor the ITP desorption process was recorded and processed with the same datahandling equipment as described under Breukthrough volumes.
The leading electrolyte was 0.01 M HCl (pH 6.0). The counter ion was histidine and either 0.2% (w/w) hydroxyethyl~llulose or 0.05% (w/ w) poly(~ny1 alcohol) was added to suppress the electroosmotic flow. The terminating electrolyte was a 0.005 M morpholinoethanesulphonic acid (MES) solution (pH 6.4) with histidine as the counter ion. If a counter-flow was applied, the terminating electrolyte was 0.00645 M MES solution (pH 6.43) with histidine as the counter ion. ~nditioning and washing of the column were performed as described under the section Breakthrough vohmes. After the column had been loaded with the sample, the column was washed with 0.25 ml of water (pH 3.0). Next, the ITP capillaries were filled with the leading and the terminating electrolytes and the desorp-tion was started by applying the high-voltage power supply across the ITP equipment.
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RESULTS AND DISCUSSION
Breakthrough volume experiments
The capacities of the stationary phases for the test solutes were determined under defined conditions in order to establish what con~ntration could be loaded on to the SPE columns to perform the subsequent ITP desorption experiments. The results of the measurements of the breakthrough volumes of the test solutes are summarized in Table I . Large differences in the capacities of the two SPE packing materials for bromophenol blue were obtained. These and similar differences for the other two compounds can be understood from the large differences in the interaction forces between these solutes and the SPE adsorbents, resulting in significant differences in their chromatographic behaviour.
Isotachophoretic desorption experiments
To study the efficiency of the ITP desorption of amaranth red and bromophenol blue from the SPE adsorbents the effluents, from these adsorbents were monitored visually. First 1 ml of a solution containing 1. lo-' M of either amaranth red or bromophenol blue was adsorbed on the C,,-modified silica or the ST-DVB adsorbent using the 7 x 2 mm I.D. column as the SPE cartridge. Amaranth red was desorbed by ITP from both the SPE adsorbents as a narrow red zone showing sharp zone boundaries. In addition, after each experiment the remaining SPE packing was extracted with methanol in order to determine whether the ITP desorption process was completed. In the extracts no amaranth red could be observed visually, indicating that the desorption of this compound had been performed efficiently. In contrast, the desorption of bromophenol blue resulted in a non-continuous desorption process with diffuse zones. To investigate whether a local change in the electric field, by the connection of the applied 2 mm I.D. column to a 1 mm I.D. ITP capillary, might disturb the electrodesorption process, the experiments were repeated using the 7 x 1 mm I.D. column. Also in these experiments the ITP desorption of bromophenol blue resulted in broad diffuse zones.
To establish whether the electroosmotic flow (EOF) could be responsible for the observed irregular desorption patterns of bromophenol blue, 0.05% (w/w) of Mowiol was added to the washing water to suppress the EOF. Also in these experiments no improvement of the desorption of bromophenol blue was obtained.
Generally, ITP processes are considered to be completed when the situation indicated as the steady state has been achieved. To obtain this steady state in relatively short ITP capillaries, a counter flow, opposite to the migration direction of the target compounds, can be applied. ITP desorption experiments of 1 ml of 1. lo-' A4 bromophenol blue solutions applying a counterflow were performed on both SPE packings in the 7 x 1 mm I.D. column. In these experiments a significant improvement of the desorption of bromophenol blue from both packings was obtained. These observations indicate that the ITP desorption of this compound can be improved by using longer ITP capillaries.
Next, the effects of the addition of 10% (v/v) of methanol to both the leading and terminating electrolytes on the desorption efficiency of bromophenol blue were investigated. In these experiments also a counter flow was applied during a short period of time. Again a significant improvement of the desorption of bromophenol blue was obtained. We assume that this might be explained by the decreased capacity of the stationary phase for this compound.
It is concluded that the ITP desorption of amaranth red from both SPE adsorbents could easily and completely be performed and resulted in sharp narrow zones. In contrast, the ITP desorption of bromophenol blue proved to be much more complicated and did not result in complete desorption from the SPE adsorbents. Reversed-phase liquid chromatographic stationary phases, which were used as the SPE adsorbents here, may show strongly different behaviour towards these compounds, especially under the aqueous conditions applied here. Therefore, we assume that the large differences in the ITP desorption of amaranth red and bromophenol blue may be explained by their different interaction forces towards the adsorbents.
In the above studies, the isotachophoretic desorption was monitored visually. Applying a conductivity detector in ITP analysis, electropherograms are obtained in which the conductivity signal is plotted on the ordinate as a function of time. In ITP the relative step height of the detector signal provides qualitative information about a solute while the length of a zone provides quantitative information.
To investigate the ITP desorption process further, experiments with benzoic acid as the test compound and applying a conductivity detector were carried out. The step he&ht of benzoic acid in the applied operational system was 0.43. As an example, Fig. 3 shows an isotachopherogram of benzoic acid. Because the 10 X 2 mm I.D. column was too large to be fit into the cartridge holder and no evidence was found that a reduced I.D. (using the 7 x 1 mm I.D. column) improved the ITP desorption process, these electrodesorption experiments were carried out in 7 X 2 mm I.D. column, packed with either the C,,-modified silica or the ST-DVB adsorbent. The calibration graph of the amount of benzoic acid (A, in moles) versuS the resulting ITP zone length (1, in seconds), determined by repeated direct injections of benzoic acid solutions in the injection compartment of the ITP equipment, was 1= 2.06 * 109A + 9.2, with a regression coefficient r = 0.994.
The SPE columns were loaded with aqueous Table I , in most instances the amount of benzoic acid loaded on the SPE columns did not exceed the maximum capacity of these columns.
The results of the ITP desorption of benzoic acid from both SPE adsorbents are summarized in Table II . From these results, it can be concluded that the recoveries and the repeatabilities of the desorption of benzoic acid from the adsorbents are limited in most instances. The reasons for these observations are not yet clear. Further studies will be focused on the elucidation of the ITP desorption process and especially the role of the nature of the SPE adsorbent.
CONCLUSIONS
Preliminary results on the desorption of amaranth red, bromophenol blue and benzoic acid by ITP from two different SPE adsorbents have been presented. From the data, it can be concluded that for amaranth red and benzoic acid the ITP desorption from both adsorbents resulted in narrow zones with sharp boundaries. However, the recoveries and the repeatability of the ITP desorption process with benzoic acid were poor. The ITP desorption of bromophenol blue showed poor results on both SPE adsorbents. However, a significant improvement of the desorption efficiency could be obtained by the application of a counter flow and the addition of 10% (v/v) of methanol to both ITP electrolytes. Finally, it can be concluded that the ITP desorption of ionic substances from SPE adsorbents may have prospects as a sample treatment technique, although a more extensive study of the background of this technique is necessary.
